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Introduction
Anastomotic leakage (AL) is one of the major complications after proctectomy, with incidence ranging from 5% to 19% depending on the investigated cohort (1) (2) (3) . AL is associated with high morbidity and mortality (4, 5) , permanent stoma (6) , and poor long-term outcomes (7, 8) . Appropriate management of AL is crucial to minimizing morbidity and mortality and can determine the success of treatment (9) . For patients with symptomatic AL, sufficient drainage with intravenous antibiotics and the construction of a proximal diverting stoma must be attempted (10) . Operative management is a common option for AL treatment (11) .
The benefits of elective laparoscopic surgery for colon cancer are well established. Compared to open surgery, laparoscopy offers earlier recovery of bowel function, a lower rate of intra-abdominal adhesions, reduced analgesic requirements, decreased length of hospital stay, and reduced morbidity rate (12) (13) (14) . The safety and feasibility of the laparoscopic approach have been recently reported, even in emergency settings, for benign colorectal surgery, such as bowel obstruction, bleeding, and diverticulitis (15, 16) . However, only a few studies have compared laparoscopic and open reoperations for the management of AL (17) (18) (19) . Therefore, in this study, we aimed to assess the safety and feasibility of laparoscopic reoperation for AL and to compare laparoscopic reoperation with open surgery.
Hospital (Nagaizumi, Japan) from September 2002 to May 2016. Laparoscopic surgery included conventional laparoscopic and robotic-assisted laparoscopic surgeries. After the introduction of robotic-assisted laparoscopic surgery on December 2011, patients with rectal cancer selected their preferred laparoscopic approach after providing informed consent (20, 21) . Among the 3321 patients, 39 (1.2%) developed AL after primary resection.
The diagnostic protocol for AL in our unit was described previously (1); AL was diagnosed if emission of gas, pus, or feces from the drainage fluid, wound, or vagina was confirmed. In all patients with clinically suspicious symptoms, such as fever, peritonitis, or turbid drain discharge, AL was confirmed by radiological examination using CT scan. A CT image with fluid collection with gas around the anastomotic site was also diagnosed as AL. Direct anastomotic confirmation by contrast enema radiography was performed for clinically suspicious patients without definite evidence of AL by physical findings or CT scan.
Reoperation was performed for all patients with AL, except for those who already had diverting stoma and were considered to have minor leakage. Eight patients who received non-operative management were excluded from this study. Ultimately, 31 patients who underwent reoperation to treat AL were enrolled and divided into laparoscopic and open groups (Figure 1 ). Before April 2010, all reoperations after primary resection for colorectal cancer at our hospital were performed by open surgery. Beginning in April 2010, the laparoscopic approach was used for reoperation, and after December 2013, all reoperations for AL were performed laparoscopically.
Patient data, which include information regarding preoperative demographic characters, operative outcomes, and postoperative complications, were retrospectively reviewed on a prospective database. The definition of sepsis was described previously (22) .
All study protocols were approved by our institutional review board (no. 28-J136-28-1-3). The details of the study protocol were provided to patients through a notice board in the hospital and published on the hospital website.
Operative technique
All reoperations in this study were performed by any one of eight experienced colorectal surgeons. For laparoscopic reoperation, first access to the abdomen was usually achieved via the previous umbilical port. Once pneumoperitoneum was established, two or three additional ports were placed using the previous site. For open operation, a sufficient incision was made on the previous wound. After careful abdominal exploration with atraumatic handling, the range of contamination, final diagnosis of AL, placement of the drainage tube, and stoma type were judged by the surgeon. Direct confirmation of the AL point was not necessary when adhesion around the anastomosis was observed. Abdominal lavage was performed with at least 10-L normal saline at the beginning of the operation. Resection or repair of anastomosis was not performed once it was confirmed that the anastomosis was not necrotic. In laparoscopic surgery, an irrigation-and-vacuum device, which can irrigate widely and vacuum gently without clogging, was used. At least one transabdominal drainage tube was reinserted near the AL point. Additional transabdominal drainage tubes were inserted if needed. The diverting stoma was constructed as the final step of the operation. The choice of stoma type (transverse colostomy or ileostomy) depended on the surgeon's preference in open surgery, whereas ileostomy was chosen in all laparoscopic operations.
Perioperative management
The perioperative management of the patients in the two groups was similar during initial treatment; antibiotics with intravenous cefmetazole were administered to patients after the AL diagnosis. The antibiotics were appropriately altered depending on the results of the blood or ascites culture test. The administration of antibiotics was continued until confirmation of improved inflammatory response (e.g. temperature, white blood cell count, and serum C-reactive protein). In general, a closed wound dressing system was not applied after reoperation for AL in our unit. Gauze dressing was applied around the wound to absorb the drainage fluid and was changed at least twice a day until the wound healed. The surgeons performed a physical examination every day. The diagnosis of wound infection was according to the US Centers for Disease Control and Prevention definition (23) . Food intake was started after passage of flatus and stool with no abdominal distention. The criteria for patient discharge in both groups included tolerance of diet without nausea or vomiting and sufficient recovery of any postoperative complications.
Statistical analysis
The differences in patient characteristics, operative findings, and postoperative results were analyzed between the two groups. Fisher's exact test and χ 2 test were used for categorical variables. Student's t-test was used to compare continuous variables. All statistical analyses were performed with EZR (Jichi Medical University, Saitama, Japan). All P-values were two sided, and P-values less than 0.05 were considered statistically significant.
Results
The demographic characteristics of the two groups are shown in Table 1 . None of the enrolled patients underwent simultaneous stoma construction at primary resection or preoperative percutaneous drainage. The two groups showed no differences in terms of age, sex, BMI, ASA classification, white blood cell count, serum Creactive protein, preoperative sepsis, history of previous laparotomy, primary surgery procedure, surgical interval, and abdominal contamination. The approach used for primary surgery differed because of the difference in enrollment period between the two groups. The surgical procedure and operative outcomes of the two groups are shown in Table 2 . Both abdominal lavage and construction of a diverting stoma were performed in all patients. All reoperations were carried out within 24 h after the diagnosis of AL. An equal number of patients underwent ileostomy and colostomy in the open group, whereas all patients underwent ileostomy in the laparoscopic group. No conversion occurred in the laparoscopic group. Estimated blood loss (1 vs 9 mL, P = 0.020), total postoperative complications (26.7% vs 68.8%, P = 0.032), wound infection (0.0% vs 31.2%, P = 0.043), and postoperative hospital stay (18 vs 31 days, P = 0.017) were significantly better in the laparoscopic group than in the open group. No mortality was noted in either group. Although the rate of stoma closure after reoperation was higher in the laparoscopic group, the difference was not significant (86.7% vs 62.5%, P = 0.220).
Discussion
Despite developments in operative techniques, AL continues to be a common and feared complication of colorectal surgery. To date, laparoscopic surgery has been applied in various emergency settings, such as gastroduodenal perforated ulcers, bowel obstruction, gastrointestinal hemorrhage, and cholecystitis (15, 16) . However, laparoscopic surgery for AL has not become a common practice for several reasons.
The first reason is that the previous literature indicated that laparoscopic surgery for peritonitis theoretically presents a potential risk of enhanced bacteremia and endotoxemia by pneumoperitoneum (24). Gurtner et al. examined this hypothesis using a peritonitis animal model (25) . They found that carbon dioxide pneumoperitoneum does not increase bacteremia or endotoxemia, nor does it adversely affect the physiological or laboratory correlates of sepsis compared with the open group. Agresta et al. collected data from 112 patients who underwent emergent laparoscopic surgery for Asian J Endosc Surg 11 (2018) 227-232peritonitis (26). They reported that major complications can be as high as 5.3%, with a mortality of 1.7%. They also concluded that laparoscopic surgery for peritonitis can be performed safely by an experienced team without any specific complications. In the present study, no patient developed sepsis after reoperation, which suggests that laparoscopic surgery may not accelerate bacteremia or endotoxemia. The European Association for Endoscopic Surgery guideline for laparoscopy for abdominal emergencies admitted the superiority of the CLS, conventional laparoscopic surgery; CRP, C-reactive protein; RALS, robotic-assisted laparoscopic surgery; WBC, white blood cell; P < 0.05, statistically significant. laparoscopic approach in various emergency situations including peritonitis (27) . The second reason may lie in the awareness of surgeons; many surgeons recognize that inadequate management of AL may lead to a much more severe situation and significantly affect the patient's quality of life (28) . In such difficult circumstances, laparoscopic surgery may become a challenging option for many surgeons, particularly in emergency situations.
The third reason is a lack of evidence. Only a few studies have discussed the usefulness of laparoscopic reoperation for the management of AL in comparison with open reoperation. Rotholtz et al. reported their experience in treating complications after primary laparoscopic colorectal surgery (17) . In their study, 510 patients underwent primary surgery, and 27 patients needed reoperation to manage complications after laparoscopic colorectal surgery. They found no significant differences between the two groups with regard to length of hospital stay and postoperative complications. Therefore, they concluded that the laparoscopic approach is useful for the management of AL compared with the open approach. However, the reasons for reoperation in their patient cohort included AL as well as other complications (e.g. small bowel perforation, bleeding, adhesion, and hernia). In a review of 26 leakage patients, Kwak et al. found that the overall postoperative complication rate was similar between the laparoscopic and open groups (38.5% vs 51.6%, P = 0.321) (18) . However, the incidence of wound infection was significantly lower in the laparoscopic group than in the open group (3.8% vs 25.8%, P = 0.031). Lee et al. reported that laparoscopic reoperation for AL is safe and feasible (19) . In their study, 61 patients who underwent laparoscopic reoperation had a significantly shorter postoperative hospital stay (12.0 vs 24.5 days, P = 0.005), lower wound dehiscence rate (3.3% vs 25.0%, P = 0.015), and lower intra-abdominal infection rate (6.6% vs 31.3%, P = 0.016) than the 16 patients who underwent open reoperation. They found no significant difference in the wound infection rate between the laparoscopic and open groups (6.6% vs 18.8%, P = 0.334). These three studies all agreed that laparoscopic surgery can be performed as safely as open surgery. However, whether laparoscopic reoperation offers more benefits than open reoperation has yet to be completely elucidated.
In the present study, the wound infection was significantly lower in the laparoscopic group (0.0% vs 31.2%, P = 0.043), which contributed to decreased total postoperative complications. Our results showed that the laparoscopic patients had a median hospital stay that was nearly 13 days shorter than that of the open patients (12.0 vs 24.5 days, P = 0.005), which is in accordance with the report by Lee et al. (19) . Moreover, the cosmetic advantage of laparoscopic reoperation is a great benefit (29) . As for estimated blood loss, the laparoscopic group had significantly less estimated blood loss than the open group (1 vs 9 mL, P = 0.020), but this difference was not clinically important. The rate of stoma closure after reoperation was also recognized as an important outcome. Because AL was reported to be one of the important risk factors for permanent stoma (6) , inadequate management of AL may lead to increased risk of permanent stoma. Although the previous literature reported a higher stoma closure rate in the laparoscopic approach (80.5% vs 43.8%, P < 0.001) (19) , the present study confirmed a sufficient stoma closure rate in both the laparoscopic and open groups (86.7% vs 62.5%, P = 0.220).
This study had several potential limitations. The first limitation is its retrospective and nonrandomized design.
The indication for open or laparoscopic surgery was based on when the procedure was performed, with open procedures being performed initially but eventually being replaced by laparoscopic procedures. Also, patients with more severe condition were more likely to be included in the open group, as were older patients, those with a higher ASA class, and those with a higher rate of colostomy. Moreover, during the period when both procedures were performed, the perioperative management in the two groups was similar, but more recent patients may have had better perioperative management. These differences could affected (and improved) the results for the laparoscopic group. As such, the results of this study are not generally applicable to all patients with AL, but only for selected patients. A prospective randomized controlled trial is necessary to eliminate this bias, although randomization under emergent situations would be difficult for patients and surgeons. To the best of our knowledge, no prospective randomized trial on this topic has been conducted.
The second limitation is the sample size. The present study collected the data of 3321 patients at a tertiary referral center over a 14-year period and finally detected 31 patients. Combined data from multiple centers are needed to confirm the results of the present study.
In conclusion, the present study confirmed that laparoscopic reoperation for AL after laparoscopic colorectal surgery is safe and feasible. Laparoscopic reoperation exhibited better short-term outcomes than open reoperation for selected patients with AL.
